Steroid estrogens are emerging contaminants of concern due to their devastating effects on 10 reproduction and development in animals and humans at very low concentrations. The increasing 11 steroid estrogen in the environment all over the world contrasts very few studies for potential 12 impacts on plant development as a result of estrogen uptake. This study evaluated the uptake, 13 transformation and effects of estradiol (17β-E2) and ethinyl estradiol (EE2) (0.1-1000 µg/L) on 14 lettuce. Uptake increased in leaves and roots in a dose-dependent manner, and roots were the 15 major organ in which most of the estrogen was deposited. The transformation of estrogens to 16 major metabolite and their further reverse biotransformation in lettuce tissue was identified. At 17 low concentrations (0.1 and 50 µg/L) estrogens resulted in enhanced photosynthetic pigments, 18 root growth and shoot biomass. Application of higher concentrations of estrogens (10 mg L -1 ) 19 significantly reduced total root growth and development. This was accompanied by increased 20 levels of hydrogen peroxide (H 2 O 2 ), and malondialdehyde (MDA), and activities of antioxidant 21 enzymes superoxide dismutase (SOD), peroxidase (POD), catalase (CAT) and ascorbate 22 peroxidase (APX). Taken together, these findings suggest that at low concentrations estrogens 23 may biostimulate growth and primary metabolism of lettuce, while at elevated levels they have 24 adverse effects. 25 Capsule: EDC estrogens (17β-E2 and EE2) stresses influence lettuce growth with a dose-dependent 26 negative effect 27
Dumlupinar, 2011b). However, to our knowledge, the effects of steroid estrogens (E2, EE2) on 93 leafy vegetables such as lettuce have not been reported. Our work has addressed this specific 94 problem by analyzing the response of lettuce under stress of steroid estrogen (17β-E2 and EE2).
M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT fluorescent tubes. After one-week acclimation, steroid hormones, 17β-E2 or EE2 Aldrich, USA, dissolved in methanol) were added at a final concentration of 0, 0.1, 50, 150, 123 2000 and 10,000 µg L -1 to the nutrient medium in the glass jars. Five treatments, four 124 replications and a blank control were included, each bottle containing two plants. 17β-E2, EE2 125 solutions were prepared by dissolving them in methanol. The nutrient solutions were renewed 126 once per week to avoid nutrient depletion and restrict bacterial growth. Plants were grown for a 127 total of 21 days, a total growth time that corresponds to growth periods used commercially. At The chlorophyll content was determined according to the method of Knudson et al. (1977) .
141
Fresh lettuce leaves (0.5 g) were extracted in 10 mL of 96 % ethanol for 24 h in the dark. The 142 amounts of chlorophyll a, b and carotenoids were determined spectrophotometrically (U-2910, 143 Double Beam UV/VISspectro, 2JI-0013, Tokyo, Japan), by reading the absorbance at 665, 649 144 and 470 nm. Chlorophyll content was expressed as mg g FW -1 . The amount of photosynthetic 145 pigments was calculated by using the following formulae: All the biochemical analyses were carried out using fresh leaf samples. Activities of 154 enzymatic antioxidants were assessed using commercial kits in accordance with the 155 manufacturer's instructions. Kits for analysis of superoxide dismutase (SOD) (A001-1),
Results

210
Hormone uptake and biotransformation in plant 211
The uptake of two estrogens by lettuce plants was investigated in hydroponic culture, to 212 test for toxicity, transformation and distribution among the plant parts ( Fig. 1 ). Uptake and 213 accumulation of both of the two estrogens, 17β-E2 and EE2 arise in roots and leaves in a dose-214 dependent manner (see . No estrogen was detected in control plants. The uptake of 215 17β-E2 in lettuce root was slightly higher than EE2 while biotransformation of both hormones 216 was detected in roots. At low treatment concentrations 17β-E2 was transformed into E1 and at 217 higher concentration treatments (2000 and 10000 µg L -1 ) into E1 and 17 α E2 ( Fig. 1 C) , 218 although concentrations of E1 recovered from17β-E2 were higher than those of EE2 treatments.
219
Interestingly, estrogen EE2 was transformed into E1, 17β-E2 and 17α-E2 in roots. At a low 220 treatment concentration (0.1 µg L -1 ) EE2 was transformed into E1 with a concentration of 6.45 221 µg kg -1 .
222
In leaves EE2 concentration was higher than 17β-E2 ( Fig. 1 B) . However, transformation 223 of EE2 was low as compare to 17β-E2 treatments for leaves. The uptake of both estrogens at 0.1 224 µg L -1 treatments was not detected in leaves. (Figs. 2 A-C) . However, the 0.1 µg L -1 treatments did not have any significant 238 effect on leaf number (P < 0.005). 
Carotenoids 256
Treatments with the two hormones appeared to affect carotenoid content less that 257 Chlorophyll content, and only at the highest concentration tested was there a significant 258 reduction compared to the controls. There were no significant differences in the effect of EE2 or 259 17β-E2 on carotenoid content (Figs. 3, 4D) . 325 To the best of our knowledge, this is the first time that an effect on lettuce growth, root 326 morphology, ROI-production and the antioxidant defense system has been shown to occur as a 
Estrogens concentrations have effects on plant biomass
